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An apico-basal cell polarity protein aPKCλ is essential for the hair follicle cycling and hair 
follicle stem cell quiescence
S Osada,1 N Minematsu,1 F Oda,1 K Akimoto,2 S Kawana1 and S Ohno2 1 Dermatology, 
Nippon Medical School, Tokyo, Japan and 2 Molecular Biology, Yokohama City University 
Graduate School of Medical Science, Yokohama, Japan
The atypical protein kinase C (aPKC)-PAR complex regulates the formation of tight junctions and 
apico-basal epithelial polarity. To examine the role of this complex in the epidermis, we generated 
mutant mice harboring epidermal specific deletion of aPKCλ, a major component of the aPKC-Par 
complex, using the Cre-loxP system and Keratin 5-Cre mouse line. The mutant mice exhibited an 
abnormal hair cycle, progressive losses of pelage hairs and vibrissae, and epidermal hyperplasia. We 
found that the expression of fibroblast growth factor 18, which controls the length of telogen and acts 
as a quiescence-inducing factor for hair follicle stem cell, was suppressed in the mutant epidermis. 
Consistently, the expression of keratin 6, which is a marker for the inner bulge layer and implicated 
in maintaining hair follicle stem cell quiescence, was dysregulated in mutant hair follicles. The loss 
of quiescence induced continuous proliferation of matrix cells in the bulb, resulting in a sustained 
anagen-like phase, and increased the Lrig1 positive population in the junctional zone, leading to 
epidermal hyperplasia. Moreover, markers for the bulge and hair germ (keratin 15, Sox9, Lhx2, 
S100A6, Lgr5, and P-cadherin) were aberrantly expressed, and CD34- and α6 integrin -positive 
hair follicle stem cells were gradually depleted. These results indicate that aPKCλ is essential for 
the hair follicle cycling and hair follicle stem cell quiescence.    
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BNIP3 Plays Crucial Roles in the Differentiation and Maintenance of Epidermal Keratinocytes
M Moriyama, J Uda, H Moriyama and T Hayakawa Pharmaceutical Research and Technology 
Institute, Kinki University, Higashi-Osaka, Japan
Recent studies have clarified a numerous number of molecules involved in epidermal development, 
although it remains elusive how these molecules are coordinated to undergo proper stratification 
of the epidermis. Autophagy, a lysosomal degradation pathway, is involved in differentiation of 
erythrocytes, lymphocytes, and adipocytes. Keratinocyte differentiation is also going along with 
activation of lysosomal enzymes and organelle clearance, expecting the contribution of autophagy 
in this process. Transcriptome analysis of the epidermis of Hes1(-/-) mouse revealed the direct 
relationship between Hes1 (hairy and enhancer of split-1) and BNIP3 (BCL2 and adenovirus E1B 
19-kDa-interacting protein 3), a potent inducer of autophagy. Keratinocyte differentiation is going 
along with activation of lysosomal enzymes and organelle clearance, expecting the contribution 
of autophagy in this process. We found that BNIP3 was expressed in the suprabasal layer of the 
epidermis, where autophagosome formation is normally observed. Forced expression of BNIP3 in 
human primary epidermal keratinocytes (HPEKs) resulted in autophagy induction and keratinocyte 
differentiation, whereas knockdown of BNIP3 had the opposite effect. Intriguingly, addition of an 
autophagy inhibitor significantly suppressed the BNIP3-stimulated differentiation of keratinocytes, 
suggesting that BNIP3 plays a crucial role in keratinocyte differentiation by inducing autophagy. 
Furthermore, the number of dead cells increased in the human epidermal equivalent of BNIP3 
knockdown keratinocytes, which suggests that BNIP3 is important for maintenance of skin epider-
mis. Interestingly, although UVB irradiation stimulated BNIP3 expression and cleavage of caspase3, 
suppression of UVB-induced BNIP3 expression led to further increase in cleaved caspase3 levels. 
This suggests that BNIP3 has a protective effect against UVB-induced apoptosis in keratinocytes. 
Overall, our data provide valuable insights into the role of BNIP3 in the differentiation and main-
tenance of epidermal keratinocytes.    
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A novel chronobiological control of pigmentation: Molecular clock proteins regulate mela-
nogenesis and melanocyte functions in human hair follicles and epidermis 
JA Hardman,1 DJ Tobin,2 I Haslam,1 Y Al-Nuaimi,1 B Grimaldi3 and R Paus4 1 Institute 
of Inflammation and Repair, University of Manchester, Manchester, United Kingdom, 2 
Centre for skin science, University of Bradford, Bradford, United Kingdom, 3 Italian Institute 
of Technology, Genoa, Italy and 4 Department of Dermatology, University of Muenster, 
Muenster, Germany
While the molecular regulation of pigmentation is well-characterized it remains unclear whether 
cell-autonomous controls regulate the cyclic on–off switching of pigmentation in the hair follicle 
(HF). Since both human HFs and epidermal melanocytes express clock genes and proteins, and 
given that core clock genes (PER1, BMAL1) regulate human HF cycling, we investigated whether 
the peripheral clock activity within human melanocytes participates in the regulation of HF pig-
mentation. To investigate this we silenced BMAL1 or PER1 in cultured human HFs and found an 
increase in melanin content (by Masson-Fontana histochemistry) in both knock-down groups. This 
corresponded to an increase in the mRNA and protein expression of the pre-melanosome marker 
gp100, and an increase in HF melanocyte dendricity. Furthermore, transcript levels and enzymatic 
activity of the rate-limiting enzyme for melanin production (tyrosinase) were significantly increased. 
To elucidate whether these changes were specific to HF melanocytes, BMAL1 or PER1 were silenced 
in cultured human skin. This showed that both gp100 protein expression and tyrosinase activity in 
the epidermis were also increased. Finally, BMAL1 or PER1 silencing was performed in cultured 
human epidermal melanocytes, resulting in significantly increased tyrosinase activity and melano-
cyte dendricity suggesting that the in situ pigmentation effects reflect, at least in part, direct modu-
lation of melanocytes. These data provide the first evidence that the molecular clock operates as a 
cell-autonomous modulator of human pigmentation. Targeting peripheral clock activity may, thus, 
offer a novel therapeutic strategy for pigmentation disorders, including HF greying.    
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Tsukushi controls the hair cycle by regulating TGF-β1 signaling
D Niimori, S Fukushima and A Miyashita Deramtology and plastic surgery, Faculty of Life 
Sciences, Kumamoto University, Kumamoto, Japan
The hair follicle contains stem/progenitor cells that supply progeny for skin development and the hair 
cycle. Several signaling molecules belonging to the Wnt, BMP, shh, and transforming growth factor 
β (TGF-β) signaling cascades are involved in the normal hair follicle cycle. However, the systemic 
mechanism of how these humoral factors are controlled remains largely unknown. Previously, we 
reported that Tsukushi (TSK), a member of the small leucine-rich repeat proteoglycan family, func-
tions extracellularly as a key coordinator of multiple signaling networks. Here, we show that TSK is 
expressed at the restricted areas of hair follicle during the morphogenesis and the hair cycle. Tar-
geted disruption of the TSK gene causes the hair cycle to be delayed with low levels of TGF-β1 and 
phosphorylated Smad2/3 (pSmad2/3) expression. Biochemical analysis indicates that TSK directly 
binds to TGF-β1. Our data suggest that TSK controls the hair cycle by regulating TGF-β1 signaling.   
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Platelet-Derived Growth Factor-AA: A Key Molecule for Cell Proliferation and Hair Inductive 
Activity in Murine Vibrissal Dermal Papilla Cell Culture
M Kiso,1 H Okochi,2 M Itoh1 and H Nakagawa1 1 Dermatology, The JikeiUniversityScool 
ofMedicine, Tokyo, Japan and 2 Regenerative Medicine, National Center for Global Health 
and Medicine, Shinjuku-ku, Japan
Dermal papilla is located at the bottom of hair follicle and is composed of a small clump of 
mesenchymal cells, so called dermal papilla cells (DPCs). DPCs closely interact with epidermal 
cells to give rise hair follicles and shafts during hair follicle development and hair cycle. DPCs are 
promising cell sources for hair regeneration therapy for alopecia patients. However, once DPCs 
are put into conventional two-dimensional culture condition, they quickly lose their capability to 
produce hair follicles. Therefore, the method is required to expand a sufficiently large number of 
DPC retaining their hair inductive activity. Fibroblast growth factor 2 (FGF2) is well-known to accel-
erate growth of murine DPCs in vitro. We found that FGF2 significantly increased the expression 
of platelet-derived growth factor receptor alpha (PDGFRα) in cultured vibrissal DPCs by reverse 
transcription-polymerase chain reaction, immunostaining and flow cytometry. In fact platelet-de-
rived growth factor-AA (PDGF-AA), a ligand of PDGFRα, was shown to promote proliferation of 
DPCs together with FGF2. In addition, hair reconstitution assay revealed that DPCs treated with both 
PDGF-AA and FGF-2 were able to keep hair inductive activity better than those treated with FGF2 
alone. Moreover, PDGF-AA treatment enhanced the expression of several follicular-related genes 
in DPCs. Taken together, PDGF-AA may be one of the key molecules to maintain cell proliferation 
and hair inductive activity in murine DPCs.    
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Indications that human hair follicle epithelial stem cells undergo epithelial-mesenchymal 
transition (EMT) in primary cicatricial alopecia
H Imanishi,1 MJ Harries,2 N Sepp,1 D Tsuruta,3 T Bíró,4 CM Ward2 and R Paus2 1 B Bommer 
Foundation & Innsbruck Med Univ, Innsbruck, Austria, 2 Univ of Manchester, Manchester, 
United Kingdom, 3 Osaka City Univ, Osaka, Japan and 4 Univ of Debrecen, Debrecen, 
Hungary
Primary cicatricial alopecias (PCA) like lichen planopilaris (LPP) result in permanent hair loss due 
to irreversible damage to hair follicle (HF) epithelial stem cells in the bulge. However, stem cell 
loss does not explain why PCAs typically show scarring. We hypothesized that this may result from 
epithelial-mesenchymal transition (EMT) of HF epithelial stem cells. During EMT epithelial cells 
gradually lose their epithelial characteristics and acquire a mesenchymal phenotype. By quantitative 
immunohistomorphometry, the bulge region of lesional LPP HFs showed a significant increase in 
the EMT marker protein, vimentin, compared to non-lesional HFs. Analysis of bulge gene expression 
in RNA extracts obtained by laser capture microdissection showed an up-regulated expression of 
SNAIL2 (x 3.8), vimentin (x 3.6), fibronectin (x4), alpha smooth muscle actin (x 3.6), and CD44 (x 
3.9) by microarray analysis (yet, only for vimentin and CD44 the p value was <0.05). By qRT-PCR, 
fibronectin and alpha smooth muscle actin transcription were significantly up-regulated, while 
E-cadherin expression was down-regulated in the bulge of lesional LPP HFs. In healthy organ-cul-
tured human scalp HFs a cocktail of agents known to promote EMT (interferon-γ, TGFβ1, EGF, 
peptide A) substantially reduced bulge E-cadherin protein expression, while that of vimentin and Slug 
were increased (IHC/IF) after 3-6 days. Taken together, these observations suggest that human HF 
epithelial stem cells undergo EMT in situ during LPP, that EMT can be stimulated even in the bulge 
of healthy human HFs, and that EMT may explain at least in part the extensive scarring associated 
with PCAs. Thus, PCA management strategies are needed that inhibit EMT.    
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Effects of adenosine on human hair follicles and hair follicle derived outer root sheath 
keratinocytes
I Szabó, E Shitrit, A Oláh, N Balogh, D Bodnár, ÁGNES Angyal, E Hollósi, T Bíró and 
E Lisztes DE-MTA “Lendület” Cellular Physiology Research Group, Department of Physiology, 
University of Debrecen, Debrecen, Hungary
Adenosine, an essential metabolite with roles in energy transfer, neurotransmission and vascular 
functions, has recently been revealed to have remarkable anti-inflammatory effects. In addition, 
various studies suggest that adenosine has an important role in modulating hair follicle (HF) growth. 
Indeed, adenosine was shown to increase the level of important hair cycle stimulators on cultured 
HF derived dermal papilla cells. Albeit it is currently used in hair energizing formulation, the 
exact underlying cellular mechanism of its beneficial application on hairy skin still remains to 
be elucidated. In our current study, we aimed to examine how human HFs and HF-derived outer 
root sheath keratinocytes (ORSK) respond to adenosine treatment. First, we showed that four types 
of adenosine receptors (A1, A2A A2B and A3) are expressed both on mRNA and protein levels in 
human HFs and HF derived primary ORSKs. Furthermore, we found that various concentrations 
of adenosine did not disturb the viability of ORS keratinocytes. In addition, RT-qPCR analysis of 
expressions of known epithelial differentiation markers (e.g. keratins, keratin associated proteins) 
revealed that adenosine shifted the proliferation-differentiation balance of the ORSKs towards dif-
ferentiation. Of further importance, adenosine exerted a strong anti-inflammatory effect (significant 
suppression of levels of various pro-inflammatory cytokines, e.g. interleukin [IL]- 1α, IL1β, IL6, IL8 
and tumor necrosis factor-α). Likewise, adenosine treatment also successfully prevented the Poly(I:C) 
(toll like receptor 3 activator) induced cytokine production. Finally, using HF organ cultures, we 
confirmed that adenosine significantly promoted HF elongation. Our findings collectively suggest 
that adenosine may indeed constitute a therapeutic possibility for hair growth disorders and related 
inflammatory conditions.    
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Thy-1 (CD90) - a crucial surface marker controlling the balance between fibroblast prolif-
eration and differentiation
M Schmidt, D Gutknecht, J Simon, U Anderegg and A Saalbach Department for Dermatology, 
Venerology and Allergology, Leipzig University, Leipzig, Germany
Thy-1 (CD90) has been described as a cell-cell adhesion molecule mediating the interaction of 
myeloid cells and melanoma cells to activated endothelial cells (ECs). In contrast to ECs, Thy-1 is 
constitutively expressed on fibroblasts. However, the functional role of Thy-1 on dermal fibroblasts is 
still unknown. In this study, we investigated the effect of Thy-1 expression on fibroblast proliferation 
and differentiation using skin fibroblasts from Thy-1 deficient and wild type mice. We demonstrate 
that a lack of Thy-1 resulted in a significantly higher proliferation rate and less apoptosis compared 
to wt fibroblasts. In contrast, wt fibroblasts displayed a more differentiated phenotype reflected by 
an enhanced ability to contract free-floating collagen lattices as well as an increased synthesis of 
the myofibroblast-specific marker α-smooth muscle actin (αSMA) and the ED-A splice variant of 
fibronectin (ED-A FN) as well as the extracellular matrix proteins collagen I and III. The increased 
proliferation of Thy-1-/- fibroblasts was completely abolished by seeding Thy-1-/- fibroblasts on 
immobilized recombinant Thy-1 protein. Moreover, this Thy-1 interaction with Thy-1-/- fibroblasts 
promotes the production of αSMA, ED-A FN and collagen I + III. Additionally, transfection of the 
human Thy-1-/- fibrosarcoma cells HT1080 with Thy-1 down-regulated proliferation and up-regu-
lated apoptosis. During wound healing proliferation of dermal fibroblasts is a central key step. In 
full thickness wounds Thy-1 deficient mice revealed more proliferating cells compared to wt mice. 
We demonstrate here that these Thy-1 mediated effects on cell growth requires interaction with β3 
integrins and are not restriced to fibroblasts but also to β3+ tumour cells by generating multicellular 
tumour spheroids. In summary, Thy-1 controls the proliferation and differentiation of fibroblasts, 
which is critical during wound healing and in the development of fibroblast-derived tumours.   
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Adipose-derived stem cells promotes skin homeostasis and prevents its senescence in a in 
vitro skin model
E Metral,1 O Damour1 and W Rachidi2 1 laboratory of cutaneous substituts, Lyon, France 
and 2 CEA, Grenoble, France
Adipose derived stem cells (ASC), mesenchymal stem cells derived from adipose tissue, have been 
used in regenerative and reparative surgery as well as anti-aging solution. The aim of this study was 
to highlight the influence of ASC on skin aging and regeneration in an in vitro skin model. Using a 
skin equivalent (SE) model prepared without or with ASC, beneficial influence of ASC on epidermal 
regeneration and on quality of the dermis was analyzed. After 42 days of culture, SEs prepared with 
25% of Adipose derived stem cells were thicker, presented a better proliferative potential showed by 
a higher number of Ki67 positive cells, and a better differentiation in epidermis. A better fibroblast 
synthesis in dermis was also showed. Skin ageing was then studied : by prolonging culture time, 
SEs prepared with 25% of ASC showed remained Ki67 positive cells and a low level of senescent 
marker, p16, labeling, whereas those with fibroblasts alone were very thin, free of proliferative cells 
and with a high p16 expression. By using another skin ageing model cultured with aged cells, ASC 
improved epidermis and maintain the proliferative potential of aged keratinocyte and the synthesis 
ability of aged fibroblasts. Concerning the mechanism of action of ASC, their paracrine effect was 
studied. No direct proliferative effect was observed on keratinocytes during first days of culture. 
However, ASC seem to maintain the proliferative effect of keratinocytes after several days of cul-
ture. In addition, a proliferative effect was seen on fibroblasts. The second hypothesis, which is the 
migration and transdifferentiation of ASC into epithelial cell, has to be investigated.To conclude, 
adding ASC in low proportion improved quality of the epidermis and dermis preventing senescence 
of the skin equivalent model, by acting on proliferation of fibroblasts and so, on quality of dermis 
and secondly on keratinocytes by maintaining their proliferation capacity. This confirms clinical 
results and supports their anti-aging effect and their potential in skin regeneration.    
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A novel neuroendocrine control of a key signaling pathway in human skin: Vasoactive intes-
tinal peptide (VIP) upregulates intrafollicular c-Kit expression
M Bertolini,1 M Bähr,2 M Pretzlaff,2 M Reibelt,2 F Zilio,2 T Biro3 and R Paus4 1 Dermatology, 
University of Münster, Münster, Germany, 2 Dermatology, University of Lübeck, Lübeck, 
Germany, 3 Physiology, University of Debrecen, Debrecen, Hungary and 4 Institute of 
Inflammation and Repair, University of Manchester, Manchester, Germany
Although c-Kit (SCF receptor) is one of the critical growth factor receptors for mast cells, melano-
cytes, and several progenitor cell populations, its regulation in normal human skin is poorly under-
stood. Here, we show that the immunoinhibitory neuropeptide, vasoactive intestinal peptide (VIP), 
prominently up-regulates c-Kit expression in organ-cultured human hair follicles (HFs). Quantitative 
(immuno-)histomorphometry and qRT-PCR confirmed that VIP up-regulates constitutive c-Kit mRNA 
and protein expression in situ not only on premelanosome protein (PMEL)+ HF melanocytes but 
also on c-Kit+PMEL- human hair matrix keratinocytes, documenting that the latter express c-Kit. VIP 
up-regulated PMEL gene and protein expression in HF pigmentary unit melanocytes and amelanotic 
HF melanoblasts, while it down-regulated cytokeratin (CK) 15 and 19 gene and protein expression 
on hair matrix keratinocytes. Furthermore, VIP treatment strongly up-regulated PACAP, but inhibited 
VIP expression of human hair bulbs, and modulated VIP receptors expression. Taken together, these 
results show that human HFs express VIP and that VIP operates as a novel neuro-endocrine control 
of c-Kit expression on human melanocytes, and hair matrix keratinocytes in situ. That VIP also 
impacts on intrafollicular CK15, CK19, PMEL, PACAP, VIP and VIP receptors expression suggests 
unexpectedly complex VIP functions in the regulation of human HF biology. This novel neuroen-
docrine regulation of c-Kit expression also invites therapeutic targeting in diseases characterized 
by excessive or insufficient c-Kit expression.    
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ADENOSINE TRIPHOSPHATE IS A GOOD CANDIDATE FOR CHRONIC HAIR LOSS 
TREATMENT
M Lévêque, N Castex-Rizzi and S Bessou-Touya Pierre Fabre Dermo-Cosmétique, Toulouse, 
France
Chronic hair loss in men and in women is caused by shortening of anagen duration, the active 
growing phase of hair growth cycle. As anagen phase duration reduced, the frequency of the hair 
growth cycles accelerates and the capacity of hair follicles (HFs) to generate new hair shafts rapidly 
runs out. Adenosine triphosphate (ATP) is a universal endogenous molecule known to constitute 
an essential energy source for cells. The aim of this study was to evaluate the effect of ATP on hair 
follicles survival ex vivo and on anagen key factors expression in HFs. Microdissected human scalp 
HFs were incubated with ATP for 6 or 48 hours (gene expression analysis using qRT-PCR) and up 
to 28 days (morphometrically assessment of HFs apoptosis). Human dermal papilla cells (DPCs) 
were incubated with ATP for 24 hours and Keratinocyte Growth Factor (KGF) expression level was 
measured in cell culture supernatants using ELISA analysis. We found that ATP inhibited hair bulb 
degeneration with 25% of survival improvement after 28 days of culture. qRT-PCR analysis revealed 
that ATP increased KGF and fibronectin mRNA levels in HFs up to respectively 251% and 183% 
compared to control HFs. KGF production by cultured DPCs was also increased by ATP with a 
mean of 37% of stimulation. In conclusion, ATP delayed spontaneous HFs regression and therefore 
could prolonged anagen phase duration. KGF being a key growth factor for HFs development 
during anagen phase, one of the mechanisms that could explain this result is the enhancement of 
KGF production by DPCs after ATP incubation. Fibronectin, as a major glycoprotein of HFs dermal 
sheath, is required for HFs anchorage and enhances DPCs aggregation. The results of this study 
indicate that ATP is a good candidate for chronic hair loss treatment as it would help to maintain 
HFs in anagen phase and would also reinforce HFs anchorage.    
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Androgenetic Alopecia: Analysis of transcriptome differences between balding and non-bald-
ing human dermal papilla cells 
EG Chew,1 AM Hillmer,1 JH Tan,1 MP Philpott2 and AW Bahta2 1 1Cancer Therapeutics and 
Stratified Oncology, Genome Institute of Singapore, Singapore, Singapore and 2 Centre for 
Cutaneous Research, Institute of Cell and Molecular Science, Barts and The London, Queen 
Mary’s School of Medicine and Dentistry, Queen Mary College, London, United Kingdom
Androgenetic alopecia (AGA) is the most prevalent hair loss condition in males that develops due 
to genetic predisposition and the influence of androgens. The dermal papilla cells (DPC) of the hair 
follicle have the most consistent androgen receptor expression amongst all hair follicle cell types and 
are essential for the hair growth process, thus making DPC a good model for AGA-related studies. 
In this study, immortalised balding and non-balding human DPC lines were derived from the frontal 
balding and occipital non-balding scalp regions of male AGA patients. Both balding and non-balding 
DPCs were found to retain significant levels of DP characteristics as evidenced by DP signature gene 
and protein expression. Following treatment with 1 or 10nM of dihydrotestosterone (DHT, active 
metabolite of androgen) for up to 48 hours, distinct DHT dosage-dependent and time-dependent 
gene expression profiles were observed in both DPC lines. Gene ontology enrichment clustering 
analysis of differentially-expressed genes between the balding and non-balding DPC showed sig-
nificant enrichment of genes related to vasculature development, cell motion and cell migration, 
cell death, phosphate and phosphorus metabolism, protein kinase, and cell adhesion and anchoring 
being down-regulated in balding DPC. While genes which were up-regulated in balding DPC were 
involved in cell cycle and mitosis, DNA processes, translation, mRNA processing, cell death and 
ubiquitination. It is envisaged that continued efforts to validate the biological significances of these 
processes, coupled with transcriptome sequencing (RNA-seq) of both DPC lines will enhance our 
understanding of the biology underlying AGA.    
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Association between TLR1 polymorphisms and alopecia areata in Koreans 
B Lew, S Loh and W Sim Kyunghee University hospital at Gangdong, Seoul, Republic of 
Korea
Toll-like receptors (TLRs) may contribute to the process of autoimmune attacks on hair follicles. To 
investigate whether the TLR1 gene polymorphisms are associated with the development and clinical 
features of alopecia areata (AA), a case-control comparison of two single nucleotide polymorphisms 
(SNPs) (rs4833095, Asn248Ser and rs5743557, -414C > T) of TLR1 were studied in 239 AA patients 
and 248 controls. Using multiple logistic regression model, odds ratios, 95% confidence intervals 
and corresponding p values were estimated. Clinical features were analyzed based on the age of 
onset, family history, type of AA, nail involvement and body hair involvement. The missense SNP 
rs4833095 was significantly associated with the development of AA (codominant2, p = 0.002; 
recessive, p = 0.001; log-additive, p = 0.0071; and allele frequency, p = 0.0066). The promoter SNP 
rs5743557 was weakly associated with the development of AA (codominant2, p = 0.019; recessive, p 
= 0.032; log-additive, p = 0.020; and allele frequency, p = 0.03). In the clinical features, rs4833095 
was only weakly associated with age of onset between 15 and 50 years (codominant2, p = 0.043 
and recessive, p = 0.022). The results suggest that rs4833095 of TLR1 may be associated with the 
susceptibility for AA in the Korean population.    
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Characterization of NativeSkin®, a standardized ex vivo skin system that retains major func-
tions of human skin 
S Kurdykowski, A David, C Jardet and P Descargues Genoskin, Toulouse, France
To efficiently keep ex vivo the main functions of human skin, we have developed a newly skin 
model, called NativeSkin®. This ready to use model consists of a full-thickness round skin biopsy 
embedded in a solid and nourishing matrix. The system is mounted into cell culture inserts, loaded 
in multi-wells companion plates with lid. NativeSkin® could be cultured up to 7 days with a defined 
culture medium. Furthermore, a flat ring of silicon is firmly fixed at the periphery of the skin surface 
to delimit a constant working area dedicated to topical application of formulations. This hermetic 
seal prevents any unwanted lateral diffusion of formulations. The major advantage of this new ex vivo 
skin model is that the proprietary matrix, similarly as a sponge, allows the dermal compartment to 
be extensively and constantly nourished by the culture medium. We demonstrated on NativeSkin® 
produced from at least 10 different donors, that cell viability reproducibly decreases from 20 to 40 
percent after 7 days of ex vivo culture. Proliferative cells can still be found in the basal epidermal 
layer. Apoptosis appears rapidly in endothelial cells, probably as a consequence of the absence of 
blood stream. Nevertheless, only few apoptotic cells, and no necrotic cells, are present in the epi-
dermis after 7 days of culture. Epidermal markers, including Keratin-14 and 10, Involucrin, Loricrin 
and Filaggrin are normally expressed. Similarly, proteins of the dermoepidermal junction, as well as 
dermal markers, are normally present after 7 days of ex vivo culture. Furthermore, some Langerhans 
cells persist in the epidermis, resident T cells are clearly found around of blood vessels in the dermis, 
and melanocytes are still able to produce melanin, even after several days of culture. We have also 
validated that NativeSkin® models reproduce hallmark features found in human skin when treated 
with drugs such as retinoids. In conclusion, thanks to its fully human origin and native tissular 
composition, NativeSkin® models may represent a bridge between in vitro and clinical studies.   
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Comparison of Young and Adult Rat Models of Chemotherapy-Induced Alopecia
AC Villasante, GW Elgart, LM Mauro, LA Schachner and JJ Jimenez Dermatology & 
Cutaneous Surgery, University of Miami, Miami, FL
Chemotherapy-induced alopecia (CIA) is a mucocutaneous side effect of cancer treatment with a 
profound psychosocial impact. Several young and adult rat models for CIA have been developed, 
yet no study thus far has compared these models directly. These rat models have a large percentage 
of hair follicles in anagen which makes extrapolation to the human setting possible. The young rat 
model is naturally in anagen while the adult rat model requires anagen synchronization. Here, we 
compare the gross and histological features of the young versus adult models of CIA. Additionally, 
we compare the effectiveness of heat shock treatment in preventing CIA in pigmented young and 
adult rats. For this study, a cohort of young rats did not receive treatment to induce anagen; whereas 
adult rats were clipped during early telogen to induce anagen. Young and adult rats received intra-
peritoneal injections of the alopecic chemotherapies etoposide or cyclophosphamide. Rats from 
each cohort were randomized to receive heat shock preceding chemotherapy. Alopecia was scored 
10 days post-chemotherapy and dorsal skin biopsies were analyzed for histology. Upon chemo-
therapeutic treatment, young rats developed total alopecia, whereas adult rats developed alopecia 
restricted to the clipped area. Histologically, equivalent hair follicle dystrophy was observed in 
each model 10 days post-chemotherapy. Moreover, both the young and adult rats demonstrated 
localized protection from CIA upon heat shock pretreatment. Our findings indicate that both rat 
models mimic clinical and microscopic findings of CIA. However, the young rat model, with nat-
urally synchronized anagen, develops total alopecia and may provide a more convenient model 
to screen for protective compounds.    
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Evaluation of the sebocyte lipid droplet proteome reveals new candidates for modulating 
sebaceous lipogenesis
M Dahlhoff,3 T Fröhlich,1 GJ Arnold,1 CC Zouboulis2 and MR Schneider3 1 Laboratory for 
Functional Genome Analysis LAFUGA, Gene Center, LMU Munich, Munich, Germany, 2 
Departments of Dermatology, Venereology, Allergology and Immunology, Dessau Medical 
Center, Dessau, Germany and 3 Institute of Molecular Animal Breeding and Biotechnology, 
Gene Center, LMU Munich, Munich, Germany
Lipid droplets (LD), cytoplasmic structures that regulate lipid accumulation and storage, are formed 
by a neutral lipid core delimited by a phospholipid monolayer in which several proteins are embed-
ded. As lipid synthesis is the hallmark of sebocyte differentiation, the aim of this study was to 
systematically evaluate the LD-associated proteins of sebocytes. SZ95 sebaceous gland (SG) cells 
were treated with linoleic acid for 48 h to stimulate lipogenesis and the LD fraction was separated 
by density gradient centrifugation and collected with a tube slicer. LD proteins and the proteins 
from the remaining cell pellet were pre-fractioned by SDS-PAGE and analysed by nano liquid chro-
matography and tandem mass spectrometry (LC-MS/MS), leading to the identification of 874 and 
1510 proteins, respectively. Quantitative comparison of protein abundances revealed 55 proteins 
to be more than 2-fold enriched in the LD fractions. Notably, LD fractions contained high levels of 
PLIN2 and PLIN3, established LD-associated proteins. Furthermore, only six out of the 55 identified 
proteins have not been localized previously in LDs, demonstrating the reliability of the LD protein 
dataset. qRT-PCR analysis confirmed expression of these six proteins in SZ95 sebocytes and in the 
cells of a second SG cell line, SebE6E7. We next focused on two of these proteins, EPHX4 and 
ALDH1A3. Using immunofluorescence, we showed that EPHX4 was localized specifically to LDs, 
while ALDH1A3 displayed a less specific localization. Finally, using siRNAs, we showed that EPHX4 
downregulation stimulated lipid synthesis in sebocytes. The LD-associated proteins identified in 
this study may play a role in the physiology of SG and will possibly represent novel targets for the 
treatment of SG-associated diseases.    
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Expression and localization of tight junction proteins and tight junction barrier function in 
porcine hair follicles 
C Mathes,1 JM Brandner,2 S Hansen,3 UF Schäfer1 and C Lehr3 1 Biopharmaceutics and 
Pharmaceutical Technology, Saarland University, Saarbruecken, Germany, 2 Department of 
Dermatology and Venerology, University Hospital Hamburg-Eppendorf, Hamburg, Germany 
and 3 Department of Drug Delivery, Helmholtz-Institute for Pharmaceutical Research 
Saarland (HIPS), Saarbrücken, Germany
In human hair follicles, the presence and distribution pattern of various tight junction (TJ) pro-
teins has been demonstrated. However, barrier properties of TJs in hair follicles have not been 
elucidated so far. In this study we first compared gene expression and localization of TJ proteins 
in human and porcine tissue in order to determine whether the pig is a suitable model for further 
investigation. Furthermore, we examined the functionality of these TJs to establish whether they 
contribute to transdermal barrier function. Thus, we determined gene expression of the proteins 
claudin 1, claudin 4, occludin and ZO-1 in pinched porcine hair follicles. Next, we performed 
immunohistochemical staining on paraffin sections (5 μm) of full thickness porcine ear skin using 
antibodies specific for the previously mentioned proteins. Finally, barrier function was visualized 
via biotinylation of porcine ear skin using the tracer molecule EZ-link sulfo-NHS LC biotin (557 
Da) and co-staining for biotin and TJ proteins, respectively. As for the results, gene expression as 
well as localization and distribution of claudin 1, claudin 4, occludin and ZO-1 in porcine follicles 
were in accordance with what can be seen in human. Furthermore, TJ structures in porcine hair 
follicles presented a barrier to the above described tracer molecule from the infundibulum down 
to the suprabulbar region. The extracellular tracer could, however, pass freely through the TJs in 
the bulb of the porcine hair follicle. In conclusion, we show for the first time a functional TJ barrier 
in mammalian hair follicles and provide evidence that the pig ear is a suitable surrogate for hair 
follicle penetration studies in human skin.    
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Generation of folliculogenic epidermal cells from adult cultured keratinocyte 
CT Chan,1 M Fan,2 W Wang2 and S Lin2 1 Dermatology, National Taiwan University Hospital, 
Taipei, Taiwan and 2 National Taiwan University Institute of Biomedical Engineering, Taipei, 
Taiwan
Successful hair follicle neogenesis in adult life depends on existence of both capable dermal cells 
and epidermal keratinocytes that recapitulate embryonic organogenesis. In tissue engineering, the 
maintenance and restoration of the trichogenic potential of epidermal cells while expanding them 
remains a challenging issue since adult epidermal cells easily lose their hair forming ability upon 
cultivation. That is the reason why hair reconstitution assays basically use newborn epidermal 
cells or freshly isolated adult epidermal stem cells. In this study, we introduce a simple method to 
efficiently reprogram high passage adult epidermal cells for the purpose of generating folliculogenic 
keratinocytes. Outer root sheath keratinocytes were first expanded with a 3T3J2 fibroblast feeder 
layer. In this condition, keratinocytes could be expanded for tens of passages without losing the 
colony formation potential. However, these cells were unable to form new follicles when combined 
with trichogenic dermal cells. But simply after 4 days in cultivation with dermal papilla cells, the 
population-expanded keratinocytes gained the trichogenic ability. We found that short-term contact 
with dermal papilla cells upregulate hair follicle specific genes of K6, K16, K17 and K75 in kerati-
nocytes, indicating the cells were poised toward a hair follicle fate. In addition, Wnt/beta-catenin 
signaling, a signaling cascade key to hair follicle development, is also activated at the same time. 
This study demonstrates a platform on which new hair regeneration can be achieved by cultured 
adult cells via this coordinated procedure.    
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Hair follicle neogenesis in composite skin substitutes using human adult cells. 
I Stella,2 AG Kusinsky,1 GJ Leirós1 and ME Balaña1 1 Instituto de Ciencia y Tecnología “César 
Milstein”, CONICET, Buenos Aires, Argentina and 2 CEBBAD, Universidad Maimónides, 
Buenos Aires., Argentina
Tissue-engineered skin represents a useful strategy for the treatment of deep skin injuries. The growth 
of hair follicles in vitro or after grafting remains a major challenge. The dermal-epidermal composites 
are skin substitutes comprised of dermal fibroblasts (DF) embedded in a matrix overlaid with kerati-
nocytes. Hair Follicle Stem Cells (HFSC) contributes to hair follicle regeneration and wound repair. 
Dermal papilla cells (DPC) signaling orchestrate hair follicle morphogenesis and regeneration. The 
purpose of the work was to compare DPC and DF as dermal component in a composite skin with 
human HFSC using a porcine acellular dermal matrix (ADM) as scaffold. The HFSC-DF and HFSC-
DPC constructs as well as the ADM alone were grafted in nude mice. In this work, we demonstrated 
that graft-take and tissue remodeling in nude mice were favored in DPC-containing composite skin. 
At day 14 after grafting, HFSC-DPC constructs showed the highest number of neovessels mainly 
located immediately bellow of epidermis probably supporting its survival. Concordantly, HFSC-DPC 
showed an earlier beginning of matrix remodeling process whereas ADM alone or HFSC-DF showed 
a more intense inflammatory response. A stable population of p63-positive cells was maintained 
in HFSC-DPC in vivo, while in HFSC-DF ones a significant reduction of these cells was observed. 
Furthermore, only in grafted HFSC-DPC constructs structures reminiscent of embryonic development 
of the hair follicle were observed from 14 days after grafting. These structures revealed, by immuno-
histochemical analyses, cells of human origin (HLA I), presence of precursor epithelial cells (p63) 
and expression of a hair differentiation marker (K6hf). These observations suggest an incipient hair 
follicle neogenesis inside the remodeling ADM. Taken together our results show DPC and HFSC as 
promising cellular components for a permanent skin substitute.    
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Human scalp hair follicles express  prostaglandin E and D2 synthase   enzymes to synthesise 
de novo prostaglandin E2 and D2  
KG Khidhir Department of Biology, University of Sulaimani, Al-Sulaimaniyah, Iraq
The prostaglandin (PG) and prostamide (PM) F2α analogues used for the treatment for glaucoma, ocu-
lar hypertension, stimulates eyelash growth, with the latter FDA licensed for eyelash hypotrichosis. 
The mechanism of action by which these drugs stimulate eyelash hair growth is poorly understood, 
but we have recently shown receptors for PGF2α (FP) and prostamide F2α in scalp hair follicles; and 
the main enzymes to synthesize either PGs or PMs de novo from their precursor phospholipids. This 
suggests that both PGF2α and prostamide F2α may play role in the hair follicle. To determine whether 
scalp follicles also express the enzymes to synthesise other common prostaglandins, prostaglandin 
E2 and D2, de novo from phospholipids, Reverse Transcription Polymerase Chain Reaction (RT-PCR) 
and sequence analysis were carried out. Non-balding scalp skin obtained from 5 men undergoing 
elective cosmetic surgery with appropriate ethical approval and lower hair follicles were individually 
isolated for RNA extraction. Specific primer sets were newly designed from the human prostaglandin 
E and D2 synthase genome. Isolated scalp hair follicle expressed genes for prostaglandin E and D2 
synthase enzymes to synthesise de novo prostaglandins E2 and D2 respectively from phospholipids 
(n=5). Thus, isolated human scalp follicles express the prostaglandin E and D2 synthase enzymes 
which would enable the local synthesis of prostaglandins E2 and D2 lipid mediators from phospho-
lipids, suggesting that they may play a role in regulating hair growth. Further metabolism of many 
prostaglandins and receptors for prostaglandins have previously been reported by Colombe et al, 
2007, 2008 & Garza et al, 2012 and more analysis of the actual roles of these prostaglandins E2 and 
D2 lipid mediators in hair follicle may lead to a new approach for hair loss treatment.    
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Lateralized sexual side effects of Finasteride in subjects with androgenic alopecia
IG Motofei,1 D Rowland,2 S Paunica,3 M Tampa4 and SR Georgescu4 1 Surgery and 
Urology, Carol Davila University, Bucharest, Romania, 2 Psychology, Valparaiso University, 
Valparaiso, IN, 3 Statistics, Carol Davila University, Bucharest, Romania and 4 Dermatology, 
Carol Davila University, Bucharest, Romania
This study further investigates the integrative theory of psychosexual dualism in men with androgenic 
alopecia, examining relationships among sexual hormones, pheromones, cognitive and sexual 
laterality of information processing. Finasteride 1 mg daily and (male and female) axillary sexual 
pheromones were used to delineate hormonal and pheromonal sexual neuromodulation within the 
brain in 75 men with androgenic alopecia. Participants’ responses identified four distinct groups. 
Group A included 14 men sensitive to male axillary pheromones, which were related to right 
nostril stimulation and right visual hemifield. Group B included 23 men sensitive to female axillary 
pheromones, which were related to right nostril stimulation and left visual hemifield. The subjects 
of Groups A and B were sensitive to sexual pheromones and apparently with no relation to sexual 
hormones. In contrast to them, the subjects of Groups C and D seem to have been sensitive rather 
to sexual hormones than to pheromones. Thus, the subjects of Group C (28 men) presented a right 
visual sexual hemifield and were disfavored by Finasteride administration, while the participants 
of group D (10 men) presented a left visual sexual hemifield which was corelated with Tamoxifen 
side effects. Data obtained further support the concept that sexual neuromodulation occurs through 
lateralized brain function, with sexual pheromones acting on a specialized hypothalamic infor-
mational input route (recently described), and sexual hormones acting on the (classical) thalamic 
informational input route. As a conclusion, men with androgenic alopecia who are susceptible to 
Finasteride side effects should be delineated prior anti-androgen administration, not only to obtain 
a good compliance to treatment but also to avoid (according to literature data) possible depressive 
symptoms and suicidal thoughts among former users of finasteride with persistent sexual side effects.   
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Localisation of epithelial hair follicle stem cell transcription factor Sox9 in the human hair 
follicle 
T Purba,1 I Haslam,1 A Shahmalak,3 R Bhogal2 and R Paus1 1 Dermatology Research Centre, 
Institute of Inflammation & Repair, University of Manchester, Manchester, United Kingdom, 
2 Unilever R&D Colworth, Sharnbrook, United Kingdom and 3 Crown Clinic, Manchester, 
United Kingdom
Sox9 transcription factor is required for epithelial hair follicle stem cell (eHFSC) niche maintenance 
and outer root sheath (ORS) differentiation in the murine hair follicle (HF). However, its exact expres-
sion pattern and functional role in human HF biology is unclear. Therefore, we mapped Sox9 protein 
expression in male occipital scalp anagen HFs, following detection of Sox9 transcripts in the human 
HF via qPCR. Though distributed throughout various locations of the HF epithelium, including the 
bulge, most Sox9+ cells localised to the sub-bulge region of the ORS, i.e. below the K15+/K19+ 
bulge. This suggests that Sox9+ cells could label activated eHFSCs and/or their immediate progeny 
that have exited the bulge, poised to differentiate and maintain the ORS. Cytoplasmic Sox9+ cells 
associated with, but were not limited to, a cell population that clustered to the basal sub-bulge ORS 
whereas nuclear Sox9+ cells were seen within suprabasal, differentiated ORS layers. This raises the 
question whether nuclear Sox9 may be associated with the differentiation and cell cycle arrest of 
ORS keratinocytes, whereas cytoplasmic Sox9 may correspond to a relatively undifferentiated state 
of these cells. Furthermore, Sox9+ cells were unique from Lhx2+ ORS progenitors, as only 17% 
of cells quantified within the suprabulbar compartment were determined to be double-positive, 
highlighting complex patterns of transcriptional regulation in ORS cell maintenance and differen-
tiation. This determined localisation of Sox9 expression serves as a basis for further dissecting the 
regulation and function of Sox9 within the human HF epithelium and its possible involvement in 
HF ageing and androgenetic alopecia.    
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N1-methylspermidine, a polyamine analogue with a favorable safety profile, prolongs anagen 
and modulates epithelial stem cell functions in human hair follicles 
Y Ramot,1 JE Kloepper2 and R Paus3 1 Department of Dermatology, Hadassah - Hebrew 
University Medical Center, Jerusalem, Israel, 2 University of Luebeck, Luebeck, Germany and 
3 University of Manchester, Manchester, United Kingdom
Since the hair follicle (HF) is one of the most highly proliferating organs in mammalian biology, 
polyamines have long been suspected to be important for its function. Inhibiting ODC-based poly-
amine synthesis by eflornithine inhibits human hair growth. Previous studies have suggested an 
important role for spermidine (Spd), a key polyamine, in the regulation of hair biology in sheep, 
mice, and humans. However, different polyamines may exert differential effects on hair growth and 
are subject to metabolism. Therefore, we aimed to explore the effects of the Spd analogue, N1-meth-
ylspermidine (N1-MeSpd), which possesses a favorable safety profile. Microdissected human scalp 
HFs in serum-free organ culture were treated for 6 days with 0.5 μM and 1.5 μM N1-MeSpd. Like 
Spd, N1-MeSpd decreased LDH activity in the culture medium, suggesting a cytoprotective effect. 
0.5 μM N1-MeSpd also significantly prolonged anagen, while hair matrix keratinocyte proliferation, 
hair shaft elongation, or hair cycle-independent hair pigmentation were not significantly affected. 
However, 0.5 μM and 1.5 μM N1-MeSpd strongly stimulated the stem cell associated keratin 15 (K15) 
protein expression, and showed a (non-significant) trend towards increasing the number of K15+ 
cells. In contrast to Spd, N1-MeSpd did not alter the intrafollicular K19 protein expression in situ, 
another epithelial progenitor cell- associated keratin. Overall, these results indicate that N1-MeSpd, a 
polyamine analogue with an improved safety profile, possesses clinically crucial anagen-prolonging 
activities and differentially promotes K15+ epithelial progenitor cells. This underscores the role of 
selected polyamines in HF function and growth, and expands the therapeutic armamentarium for 
hair loss, namely telogen effluvium, by this candidate nutraceutical or cosmeceutical.    
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Notch1 downregulates human keratinocyte differentiation: a feedback loop with survivin 
P Morandi,1 E Palazzo,1 R Lotti,1 F Truzzi,1 A Saltari,1 M Dumas,2 A Marconi1 and C Pincelli1 
1 Dermatology, University of Modena and Reggio Emilia, Modena, Italy and 2 LVMH 
Recherche, Saint Jean de Braye, France
Notch proteins are transmembrane receptors involved in cell fate determination. Notch pathway 
could have diverse roles depending on its levels in different cell contexts. The IAP (Inhibitory of 
Apoptosis Protein) protein survivin regulates cell cycle and protects keratinocytes from apoptosis. 
Survivin is overexpressed in cultured keratinocytes stem cells (KSC), and tends to decrease in more 
differentiated cells. Previous experiments from our laboratory showed that survivin and notch1 
proteins decrease during keratinocytes differentiation and ageing. Given that notch1 and survivin 
pathway are correlated in many cell settings, we investigated the existence of the notch1-survivin 
axis in normal human keratinocytes by using inhibition and overexpression studies. The adminis-
tration of DAPT (a g-secretase inhibitor that blocks notch signaling) caused a decrease in the level 
of activated notch1 as well as a reduction of survivin, which associated with increased keratin10 
expression. Coherently, overexpression of activated notch1 in keratinocytes led to an upregulation 
of survivin, with a slight decrease in the level of keratin10 and involucrin. In line with these data, 
the addition of calcium to normal keratinocytes induced a decrease of activated notch1, with an 
increase in involucrin and keratin10. Finally, overexpression of survivin caused a reduction of 
differentiation markers, while modulating notch1 activation. Taken together, these data indicate 
that notch1 negatively regulates differentiation in human keratinocytes, possibly in association 
with survivin pathway.    
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Plasmacytoid dendritic cells as a possible key player in the pathogenesis of alopecia areata 
T Ito, T Suzuki, J Sakabe, A Funakoshi and Y Tokura Dermatology, Hamamatsu University 
School of Medicine, Hamamatsu, Japan
Recently, the pathomechanism of alopecia areata (AA) has been thought to be a tissue-specific 
autoimmune disease. The histopathologic appearance of AA is a peribulbar lymphocytic infiltrate 
“swarm of bees’’ preferentially targets anagen stage follicles in the acute stage. So far, interferon 
(IFN)-γ has been regarded as the most important key cytokine that may induce the collapse of hair 
follicle immune privilege, apotosis and the upregulation of CXCL10 in C3H/HeJ AA mouse. In this 
study, we focus on the role of type I IFN, IFN-α, in the initiation of AA. We previously reported 
seven cases of AA, including both new onset and recurrent AA, following swine flu viral infection. 
After viral infection, Th1-mediated immune responses are generally induced by an overproduction 
of interferons (IFNs). Indeed, there are several reports of a case of reversible alopecia universa-
lis after the treatment with PEG-IFN-α-2b and ribavirin combination therapy for HCV infection. 
Immunohistochemical staining revealed that IFN-α producing plasmacytoid dendritic cells (pDCs) 
densely distributed around hair follicles in not only lesion skin but also non lesional skin obtained 
from C3H/HeJ mice with AA. Flowcytometric analysis showed the increased frequency of pDCs in 
skin-infiltrated cells of non-lesional skin from C3H/HeJ mice with AA. Real-time PCR also showed 
higher expression of IFN-α2 and IFN-α4 mRNA in C3H/HeJ mouse with AA. In vitro study, IFN-α 
inhibited the hair elongation of cultured murine vibrissae in Willium’s E medium by Philpott’s model. 
In addition, H-2k and CXCL10 expression were upregulated in cultured murine vibrissae by IFN-α. 
Iiquimod (IMQ) is the potent inducer of IFN-α via TLR7/9 on pDCs. IMQ applied C3H/HeJ mouse 
showed retardation of hair cycle stage compared to control mouse with infiltration of SiglecH+ 
pDCs with IFN-α expression by immunohistochemical staining. In conclusion, pDCs may play an 
important role for the initiation of AA by over expression of IFN-α via pDCs.   
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Re-evaluating the molecular effects of cyclosporine A on the human hair follicle 
N Hawkshaw,1 I Haslam,1 G Giuliani,2 A Shahmalak3 and R Paus1 1 University of 
Manchester, Manchester, United Kingdom, 2 Giuliani S.p.A., Milano, Italy and 3 Crown 
Clinic, Manchester, United Kingdom
While the immunosuppressant, cyclosporine A (CsA), is recognised as a potent hair growth stimula-
tor, how CsA induces hyptertrichosis in patients is unclear. In mice, CsA induces anagen (growth) in 
telogen (resting) hair follicles (HFs) by inhibiting NFATc1 translocation within bulge HF stem cells, 
and blocks catagen (HF regression) by inhibiting NFATc2 activity in hair matrix keratinocytes. As a 
first step towards elucidating how CsA impacts on human HFs, organ-cultured male scalp HFs were 
treated with CsA. CsA enhanced hair shaft production, hair matrix proliferation (Ki67) and hair bulb 
pigmentation (Masson-Fontana) (6 days, 10-7M). CsA reduced BAX and increased BCL-2 and TGFβ2 
transcription (qRT-PCR, 6 hours, CsA 10-7M). Microarray analysis suggested that CsA reduces the 
transcription of catagen-promoting genes (e.g. TNF, IFNγ and PRLR), while it up-regulates selected 
anagen-promoters (e.g. HGF). We also provide the first evidence that human HFs express NFATc1 
and NFATc2 mRNA and protein, with nuclear NFATc1 immunoreactivity (IR) being restricted to the 
bulge. In contrast to mice, NFATc2 IR seemed absent from the hair bulb and was most prominent 
in clusters of outer root sheath keratinocytes outside of the bulge, yet was cytosolic (inactive?) 
here. Collectively this suggests that CsA may well induce anagen through NFATc1 inhibition in the 
human bulge. CsA may also promote HF immune privilege by up-regulating TGFβ2. Moreover, 
we show here that CsA inhibits human HF catagen development, possibly in part by suppressing 
catagen-promoting cytokines and the apoptotic machinery of hair matrix keratinocytes. However, 
in human HFs, these catagen-inhibitory effects of CsA appear to be NFATc2-independent. Further 
dissecting the effects of CsA on human HFs promises to identify novel molecular targets for thera-
peutic hair growth modulation.    
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Role of HOPX in epidermal proliferation and differentiation
A Mariotto, H Park, M Huber and D Hohl Dermatology, University Hospital of Lausanne, 
Lausanne, Switzerland
The homeodomain only protein x (HOPX) belongs to the HD-containing protein family members 
and is almost entirely composed of a HD-like sequence that lacks critical residues which normally 
mediate DNA bindings in other HD-containing proteins. More specifically, HOPX structure in solu-
tion is characterized by three alpha-helices connected by short loops, resembling the homeodomain 
fold, but it is unable to bind DNA due to the absence of key residues Asn51, Arg55, Tyr27 and Ile49, 
which are normally conserved in other HD-containing proteins. HOPX is expressed in diverse tissues 
such as skin, brain, intestine, spleen and lungs, functioning as a transcriptional co-repressor. In kera-
tinocytes, HOPX expression correlates with cell differentiation and the regulation the differentiation 
markers profilaggrin (FLG) and loricrin (LOR). To identify HOPX partner proteins, we cloned the 
human HOPX cDNA sequence in a retroviral vector, carrying a particular N-terminal tag consisting 
of six histidines and a biotin acceptor site. We then produced retroviral particles and used them to 
transduce HeLa cells and define the mostly nuclear localization of the construct. Finally, using a 
double-tag purification method, we purified HOPX protein from HeLa cells. The aim of the work 
is to identify HOPX-ligand(s) complex(es) in keratinocytes and analyze them using different assays. 
To investigate the function of HOPX in vivo, we used Hopx KO mice in which the lacZ cassette 
replaced the entire coding region for Hopx. X-gal and anti β-gal IF analysis showed that Hopx is 
expressed in the upper part of the epidermis in younger mice, while the expression is localized along 
hair follicles in older mice. Further analyses will allow us to investigate the localization of Hopx at 
different mouse ages and to understand its role in in vivo carcinogenesis and epidermal stem cells.   
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Role of the homeodomain only protein x (HOPX) in epidermal homeostasis 
O Pavlova, A Mariotto, M Huber and D Hohl Dermatology and venereology, University 
Hospital Center of Lausanne, Lausanne, Switzerland
The homeodomain only protein x (HOPX) is closely related to the homeodomain-containing (HD) 
superfamily of transcriptional factors, which regulate the expression of genes involved in cell fate 
specification, embryonic patterning and organ formation. Unlike other members of HD-family, 
HOPX contains an atypical homeodomain which is unable to bind to DNA due to mutations in 
several key residues important for DNA-binding. In mouse there are 3 Hopx transcript variants 
while human HOPX gene has 3 isoforms (a,b,c) encoded by 5 mRNA variants. In order to investi-
gate the expression of Hopx in mouse back skin as well as in human cancers versus normal skin, 
we performed PCR and quantitative real time PCR (qRT-PCR) by using primers specific for each 
transcript variant. Interestingly, Hopx transcript variant 1 and 2 were expressed in mouse back skin 
in an age-depending manner. Moreover, the expression of HOPX transcript variant 1 was found in 
human 290 melanoma cells, while in 275 melanoma cell line as well as in normal melanocytes 
we found expression of HOPX transcript variants 1, 2 and 4. In addition, human foreskin keratino-
cytes expressed transcript variants 1, 2, 3 and 4 (isoforms a and b). Further investigations of HOPX 
transcript variants in human skin and cancers and the analysis of HOPX promoter will elucidate 
the activity of HOPX in epidermal differentiation and skin carcinogenesis and the molecular mech-
anisms involved in the regulation of its target genes.    
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The thyroid hormone analogues KB2115 and 3,3’,5-triiodothyroacetic acid promote human 
hair growth
J Gherardini,3 J Chéret,3 Y Uchida,3 A Oláh,1 JE Kloepper,2 M Soeberdt,1 C Abels1 and R Paus4 
1 Dr. August Wolff GmbH & Co. KG Arzneimittel, Bielefeld, Germany, 2 Dermatology 
Department, University of Lübeck,, Lübeck, Germany, 3 Dermatology Department, 
University of Münster, Münster, Germany and 4 Institute for Inflammation & Repair, 
University of Manchester, Manchester, United Kingdom
Human hair follicles (HFs) express thyroid hormone receptors (TRs) and respond to their stimula-
tion, both in vivo and in vitro. We have previously shown that thyroid hormones (THs) are potent 
regulators of human HFs biology. For example, thyroxine prolongs the growth phase of the hair 
cycle (anagen), and stimulates HF pigmentation and mitochondrial energy metabolism. Therefore, 
TH analogues may be promising candidates for treating hair loss disorders based on premature HF 
regression (catagen entry), leading to telogen effluvium. In the current study we therefore investigated 
the effects of two TR-modulators, KB2115 and 3,3’,5-triiodothyroacetic acid (TRIAC) in organ-cul-
tured human scalp HFs. In striking contrast to THs, neither KB2115 nor TRIAC significantly affected 
HF immunoreactivity for mitochondrially encoded cytochrome C oxidase I, suggesting that these 
agents do not greatly affect HF energy metabolism. Interestingly, both KB2115 and TRIAC altered 
HF tyrosinase activity in situ in a donor-dependent manner, yet exerted only negligible effects on 
actual HF melanogenesis (Masson-Fontana). Although both substances tended to non-significantly 
inhibit hair shaft production in vitro, importantly, KB2115 and TRIAC significantly prolonged anagen 
(hair cycle histomorphometry). This corresponds to a slight increase in the number of proliferating 
cells in the hair matrix (Ki67/TUNEL), and was associated with the down-regulation of transforming 
growth factor-β2, a key catagen-promoter. These findings document the first hair growth-promoting 
effects of synthetic TR analogues in human scalp HFs and encourage one to systematically explore 
whether they are promising, novel pharmaceutical agents for the treatment of diseases characterized 
by premature catagen entry leading to telogen effluvium.    
   
